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Open access under the ElThe aim of this study was to use a polyphasic approach to identify Aspergillus section Flavi isolated from
Brazil nuts collected in the Amazon forest: investigation of macro- and microscopic morphology, produc-
tion of extrolites, heat-resistance fungi, and sequencing of DNA regions. The following Aspergillus section
Flavi species were identiﬁed: Aspergillus ﬂavus (75.5%), Aspergillus nomius (22.3%), and Aspergillus parasit-
icus (2.2%). All A. nomius and A. parasiticus isolates produced aﬂatoxins B and G, but not cyclopiazonic acid
(CPA). A. ﬂavus isolates were more diversiﬁed and a high frequency of mycotoxigenic strains was
observed. The polyphasic approach permitted the reliable identiﬁcation of section Flavi species. The rate
of mycotoxigenic strains was high (92.7%) and mainly included A. ﬂavus strains producing elevated levels
of aﬂatoxins and CPA. These results highlight the possibility of co-occurrence of both toxins, increasing
their potential toxic effect in this commodity.
 2013 Elsevier Ltd. Open access under the Elsevier OA license.1. Introduction
Brazil nuts (Bertholletia excelsa H.B.K) are native to the Amazon
rainforest and are found mainly in Brazil, Bolivia, and Peru. These
nuts are economically important and about 90% are exported to
the United States and European countries (Freitas-Silva & Venan-
cio, 2011). However, the presence of fungi and mycotoxins in these
nuts has made exports difﬁcult because of the maximum tolerable
limits of aﬂatoxins in Brazil nuts imposed by the European Com-
mission (EC, 2010).
Within the genus Aspergillus, section Flavi species are a major
concern in the food industry because they cause serious damage
to stored commodities and can produce mycotoxins [aﬂatoxins
and cyclopiazonic acid (CPA)]. The most important species found
in Brazil nuts are Aspergillus ﬂavus, Aspergillus parasiticus and Asper-
gillus nomius. The aﬂatoxins most commonly produced by A. ﬂavus
are aﬂatoxin B1 (AFB1) and B2 (AFB2), whereas A. parasiticus and A.
nomius produce aﬂatoxins G1 (AFG1) and G2 (AFG2), in addition to
AFB1 and AFB2. AFB1 is important, since it is the most toxic and po-
tent hepatocarcinogenic natural compound ever characterised
(IARC, 1993). Some A. ﬂavus strains also produce CPA, a mycotoxin
that inhibits Ca2+-ATPase, causing degeneration and necrosis of the
liver, myocardial injuries, and neurotoxicity (Rao & Husain, 1985).x: +55 11 3091 7354.
. Baquião).
sevier OA license.Many A. ﬂavus isolates produce both aﬂatoxins and CPA and the
combined toxicological effects of these substances should there-
fore be investigated. Gallagher, Richard, Stahr, and Cole (1978) sug-
gested that certain unexplained effects of turkey X disease, which
occurred in the 1960, that could not be related to aﬂatoxins might
have been produced by CPA.
Aspergillus section Flavi taxonomy is complex and ever evolving.
Rigour and stability of their identiﬁcation is therefore important to
maintain a taxonomic system that is practical and reliable for
industrial, economic and regulatory purposes. Precise fungal
identiﬁcation is an important determinant for the establishment
of prevention and control measures of fungi and mycotoxins.
Despite recent advances in fungal taxonomy, the identiﬁcation of
Aspergillus section Flavi strains has been traditionally based on
morphological (macro- and microscopic features) and biochemical
characterisation (Pitt & Hocking, 2009).
The extrolites most widely used for the identiﬁcation of section
Flavi strains are aﬂatoxins, CPA, and aspergillic acid (Samson, Hong,
& Frisvad, 2006) Almost 100% of A. parasiticus and A. nomius strains
produce aﬂatoxins but not CPA. Some A. ﬂavus strains produce only
aﬂatoxins or only CPA, both mycotoxins or neither of them (Giorni,
Magan, Pietri, Bertuzzi, & Battilani, 2007; Razzaghi-Abyaneh et al.,
2006; Vaamonde, Patriarca, Pinto, Comeria, & Degrossi, 2003). On
the basis of mycotoxin production, Giorni et al. (2007) proposed
the classiﬁcation of Aspergillus section Flavi into seven distinct
groups: (i) AFB1 > AFB2 and CPA producers (chemotype I); (ii)
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(chemotype III); (iv) CPA producers (chemotype IV); (v) non-pro-
ducers (chemotype V); (vi) AFB, AFG and CPA producers (chemo-
type VI), and (vii) AFB and AFG producers (chemotype VII).
In addition to traditional methods of fungal identiﬁcation, scle-
rotia production can also be used for this purpose. Using this
parameter, Aspergillus section Flavi isolates have been divided into
two types of strains: (i) S-type: produces numerous small sclerotia
(average diameter < 400 lm), and (ii) L-type: produces fewer and
larger sclerotia (Cotty, 1989).
Molecular methods, such as sequencing of genomic regions,
have been widely applied to the identiﬁcation of a large number
of Aspergillus species. The results of these methods are generally
well correlated with morphological and physiological traits (Rodri-
gues, Santos, Venâncio, & Lima, 2011). Usually, more than one gene
is sequenced in order to increase the reliability of the results.
Genomic regions that are sequenced for the identiﬁcation of fungi,
particularly Aspergillus species, include the ITS (internal tran-
scribed spacer) region (White, Bruns, Lee, & Taylor, 1990), b-tubu-
lin gene (Glass & Donaldson, 1995), and calmodulin gene (Carbone
& Kohn, 1999). The study of DNA sequences can provide important
complementary information for the deﬁnition of species and their
appropriate identiﬁcation.
Since the precise identiﬁcation of Aspergillus section Flavi may
affect prevention and control strategies of fungi and mycotoxins
in Brazil nuts, the aim of the present investigation was to identify
Aspergillus section Flavi species isolated from Brazil nuts using a
polyphasic approach that consisted of morphological, biochemical,
and molecular methods.
2. Materials and methods
2.1. Fungal isolates
Isolates of Aspergillus section Flavi (n = 180) were obtained from
cultivated samples of Brazil nuts collected from plantation of Aru-
anã Agropecuaria in the municipality of Itacoatiara, State of Ama-
zonas, Brazil. All strains are kept in the fungal collection of the
Laboratory of Toxigenic Fungi and Mycotoxins, Institute of Bio-
medical Sciences, University of São Paulo.
2.2. Morphological characterisation of the isolates
All components used for preparation of the culture media were
from Oxoid (Basingstoke, UK). Milli-Q water was produced in our
laboratory using the Academic System (Millipore).
Each isolate was inoculated in the centre of Petri dishes contain-
ing Czapek agar (CZ) (Czapek dox liquid medium: 33.4 g; bacterio-
logical agar: 15 g; distilled water: 1 L.), and incubated at 25 C for
7 days in the dark. After incubation, the samples were examined
for macroscopic (colony colour and morphology) and microscopic
(head seriation and conidia morphology and size) characteristics.
Identiﬁcation followed the taxonomic keys and guides available
for the genus Aspergillus (Pitt & Hocking, 2009; Raper & Fennell,
1965). Aspergillus section Flavi strains were cultured on CZ and Bla-
keslee’s malt agar (malt extract: 20 g; peptone: 1 g; dextrose: 20 g;
bacteriological agar: 15 g; distilled water: 1 L) at 25 C, 37 C and
42 C, and colony diameter was measured after 7 days of incuba-
tion to conﬁrm identiﬁcation (Kurtzman, Horn, & Hesseltine,
1987; Peterson, Ito, Horn, & Goto, 2001). Compilation of expected
characters to identify Aspergillus section Flavi isolates is summa-
rised in Table 1.
2.3. Genetic identiﬁcation of the isolates
DNA was extracted and puriﬁed directly from fungal colonies
grown on yeast extract sucrose (YES) (yeast extract 10 g; sucrose75 g; bacteriological agar 15 g; chloramphenicol 30 mg; distilled
water 1 L) agar at 25 C in the dark for 3 days using the PrepMan
Ultra kit (Applied Biosystems, Foster City, CA). DNA was quanti-
ﬁed with the NanoDrop 2000c (Uniscience, Wilmington, DE). A
fragment of the ITS region was ampliﬁed with the ITS1 (50 TCC
GTA GGT GAA CCT GCG 30) and ITS4 (50 TCC TCC GCT TAT TGA
TAT 30) primer pairs. Part of the b-tubulin gene was ampliﬁed using
primers T22 (50 TCT GGA TGT TGT TGG GAA TCC 30) and TUB-F (50
CTG TCC AAC CCC TCT TAG GGC GAC T 30). Part of the calmodulin
gene was ampliﬁed using primers CMD 42 (50 GGC CTT CTC CCT
ATT CGT AA 30) and CMD 637 (50 CTC GCG GAT CAT CTC ATC 30).
The PCR mixture (25 lL) contained 12.5 lL 2X PCR Master Mix
(Promega, San Luis Obispo, CA), 6.5 lL Milli-Q water, 2 lL DNA
(40 ng), and 2 lL (20 pmol) of each primer (Prodimol Biotecnolo-
gia, Belo Horizonte, Minas Gerais, Brazil). The ampliﬁcation pro-
gram included an initial denaturation at 94 C for 3 min, followed
by 35 cycles of denaturation at 94 C for 1 min, annealing at
57 C (ITS), 49 C (b-tubulin), or 54 C (calmodulin) for 1 min, and
extension at 72 C for 1 min. A ﬁnal extension step at 72 C for
5 min was included at the end of the ampliﬁcation.
After PCR, the products were puriﬁed with the QIAquick PCR
puriﬁcation kit (Qiagen, Hilden, Germany) and stored at 20 C un-
til the time of use for sequencing. The PCR products were se-
quenced with the Big-Dye Terminator v3.1 Cycle Sequencing kit
(Applied Biosystems) using the same primers as those employed
for ampliﬁcation. The reactions were run on a 3100 DNA sequencer
(Applied Biosystems). Consensus sequences were obtained using
the AutoAssembler program (PerkinElmer-Applied Biosystems,
Waltham, MA) and SeqMan software (Lasergene, Madison, WI).
The sequences were used in BLASTn searches (www.ncbi.nlm.nih.-
gov) in order to conﬁrm preliminary identiﬁcations.
2.4. Chemicals and reagents
Standards of AFB1, AFB2, AFG1, AFG2 and CPA were purchased
from Sigma–Aldrich (Saint Louis, MO). Stock solutions were pre-
pared in methanol and kept under safety conditions at 20 C.
All solvents used were of liquid chromatography grade and were
purchased from Merck (Darmstadt, Germany). Milli-Q water was
produced in our laboratory using the Academic System (Millipore).
2.5. Determination of extrolites
2.5.1. Methodology validation
Limit of detection (LOD) was the lowest concentration that
could be determined to be different from a blank. The estimated
values of the LOD were based on the relationship of ﬁve times
the baseline noise and determined by analysis of standard solu-
tions of each mycotoxin, decreasing the concentrations until the
lowest detectable level (IUPAC & Currie, 1999). Limit of quantita-
tion (LOQ) was the level above which quantitative results could
be obtained with a speciﬁed degree of conﬁdence (IUPAC & Currie,
1999). The LOQ was determined by analysis of standard solutions
of each mycotoxin, decreasing the concentrations until the lowest
quantiﬁed level with acceptable precision and accuracy.
To test for recoveries of aﬂatoxins and CPA coconut agar and
YES agar were used, respectively. Five grams from each medium
were spiked with different concentrations of mixtures of four aﬂa-
toxins or CPA standards. The samples were allowed to stand over-
night and then extracted by using the described procedures,
according to Sections 2.5.2 and 2.5.3.
Quantiﬁcation of mycotoxins was performed by measuring
peak area at each mycotoxin retention time and comparing it with
the relevant standard curve. If test solution area response was out-
side (higher than) the standard range, the test extract was diluted
and reinjected into the LC column.
Table 1
Compilation of expected characters to identify Aspergillus section Flavi (Kurtzman et al., 1987; Peterson et al., 2001; Pitt & Hocking, 2009; Pitt et al., 1983; Raper & Fennell, 1965).
Species Seriationa Conidia morphologyb Colony colour Aspergillic acid production Colony diameter (cm)c AFBd AFGd CPAd
25 C 37 C 42 C
A. ﬂavus b or b/u s Yellow/green Orange 6.0–7.0 5.5–6.5 2.4–3.6 +  +
A. nomius u or u/b r/s Yellow/green Yellow/brown 4.0–7.0 5.5–6.5 0–1.5 + + 
A. parasiticus u or u/b r Dark green Orange 5.0–7.0 5.0–7.0 1.8–3.3 + + 
a u: Uniseriate; b: biseriate; u/b: predominantly uniseriate; b/u: predominantly biseriate.
b s: Smooth; r: rough.
c Czapek agar
d +: Presence; : absence.
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A fragment of each colony of the Aspergillus section Flavi isolates
was inoculated into a plate containing coconut agar (coconut milk
300 mL; bacteriological agar 15 g; distilled water 1 L) (Lin & Dia-
nese, 1976) and incubated at 25 C for 14 days. After growth, the
whole content of each plate was removed and chloroform (30 mL
per 10 g of culture) was added. After shaking, the sample was ﬁl-
tered throughWhatman No. 1 ﬁlter paper with diatomaceous earth
and sodium sulphate. The content was evaporated to residue and
the extracts were resuspended in 2 mL chloroform. Next, 100 lL
of this solution were evaporated and resuspended in 3 mL acetoni-
trile:water (85:15, v/v) diluted in 27 mL acidiﬁed water. The solu-
tions were cleaned on a Strata C18-E cartridge (500 mg/3 mL)
(Phenomenex, Torrance, CA) at a ﬂow rate of 1 drop/s. The car-
tridges were washed with 12 mL acidiﬁed water. Aﬂatoxins were
eluted with 1 mL methanol and the eluent was evaporated to res-
idue (Baquião et al., 2012). The residues were derivatised with tri-
ﬂuoroacetic acid (TFA) and hexane, again evaporated, and
resuspended in 400 lL of a methanol:water (1:1, v/v) solution.
The mixture was injected into a Shimadzu Prominence HPLC sys-
tem (Kyoto, Japan) equipped with an RF 10 AXL ﬂuorescence detec-
tor (excitation 365 nm, emission 450 nm) and an autosampler
system. The analytical column (Shimadzu, Shim-Pack VP ODS,
150  4.6 mm) was coupled to a pre-column cartridge (Shim-Pack
GVP-ODS, 10  4.6 mm) maintained at 40 C in an oven. The iso-
cratic mobile phase consisted of acetonitrile:methanol:water
(1.5:1.5:8, v/v/v) + 0.1% TFA and was eluted at a ﬂow rate of
1 mL/min.
The calibration curves were constructed using ﬁve concentra-
tions of aﬂatoxin standard: 0.125, 0.25, 0.5, 1.0, and 2.0 ng/g. The
coefﬁcients of the calibration curves were 0.999 for all aﬂatoxins.
The detection and quantiﬁcation limits were 0.5 and 0.75 ng/g
for each aﬂatoxin, respectively. Recovery rates of aﬂatoxins (deter-
mined in quintuplicate) were 80.44% for AFB1, 81.06% for AFB2,
83.28% for AFG1, and 84.26% for AFG2. Samples were deﬁned as po-
sitive for each aﬂatoxin when yielding a peak at a retention time
similar to that of each aﬂatoxin standard.
2.5.3. CPA
A fragment of each colony of the Aspergillus section Flavi isolates
was inoculated into a plate containing YES agar and incubated at
25 C for 14 days. After growth, the colonies together with the agar
were submitted to toxin extraction with methanol (Bragulat, Abar-
ca, & Cabañes, 2001).
Analysis of CPA using HPLC was performed according to Urano
et al. (1992). The residue was resuspended in 1 mL methanol and
injected into the Shimadzu Prominence HPLC system equipped
with a Shimadzu SPD-10A UV–Vis detector set at 282 nm, an auto-
sampler system, and a Luna C-8 column (4.6  250 mm, 5-lm par-
ticle size; Phenomenex) maintained at 40 C in an oven. The
isocratic mobile phase consisted of 4 mM ZnSO4 in methanol:water
(6:4, v/v) and was eluted at a ﬂow rate of 1 mL/min. The calibration
curve was constructed using ﬁve concentrations of the standard inquintuplicate: 66.6, 100, 133.4, 166.7, and 333.2 ng/g. The coefﬁ-
cient of the calibration curve was 0.997. The quantiﬁcation and
detection limits were 100 and 50 ng/g, respectively. The mean
recovery rate of CPA determined in quintuplicate was 76.4%. Sam-
ples were deﬁned as positive when yielding a peak at a retention
time similar to that of the CPA standard.
2.5.4. Aspergillic acid
All isolates were cultured on A. ﬂavus and A. parasiticus agar
(AFPA) [bacteriological peptone 10 g; yeast extract 20 g; ferric
ammonium citrate 0.5 g; bacteriological agar 15 g; dichloran
2 mg (0.2% in ethanol, 1.0 ml); distilled water 1 L] at 30 C for
48 h in the dark to conﬁrm the production of aspergillic acid by
analysing the colour on the reverse side of the colony (Pitt, Hock-
ing, & Glenn, 1983).
2.6. Characterisation of sclerotial production by the isolates
Each strain was inoculated into Petri dishes containing CZ and
incubated at 30 C for 14 days. Sclerotia were obtained by scraping
the surface of the plate over Whatman No. 2 ﬁlter paper during
irrigation with water containing Tween 20 (100 lL/L), followed
by rinsing under running tap water. Sclerotia were further cleaned
in a beaker by repeated rinsing and decanting, and then air dried
(Novas & Cabral, 2002). An isolate was deﬁned as a non-sclerotia
producer if no sclerotial production was observed under the pres-
ent culture conditions. Ten sclerotia were randomly selected from
each isolate for determination of their diameter (lm) under a light
microscope (Leica, Salzburg, Austria) using a millimetre blade
(5 + 100/100 mm ± 0.2 lm) and ocular grid (CRL W 10/18) (Carl
Zeiss, Oberkochen, Germany).3. Results
3.1. Identiﬁcation of the isolates
Two distinct groups could be distinguished based on macro-
and microscopic characteristics: (i) isolates presenting dark green
colonies, spherical and rough spores with thick walls, and their
morphotype was predominantly uniseriate (A. parasiticus); and
(ii) isolates presenting yellow-green colonies, and smooth to ﬁnely
rough and globose conidia with thin walls, and their morphotype
was predominantly biseriate (A. ﬂavus and A. nomius).
Heat-resistance testing was used to distinguish A. ﬂavus and A.
nomius based on the difference in growth rates at 42 C. The diam-
eter of colonies of all strains Aspergillus section Flavi on CZ at 25 C
and 37 C was higher than 5.0 cm. On CZ at 42 C, all A. nomius iso-
lates had limited growth with diameter colonies ranging from 0 a
1.3 cm; and A. ﬂavus and A. parasiticus strains showed colonies
with diameter exceeding 2.0 cm.
Isolates were conﬁrmed to be A. ﬂavus and A. parasiticus by a
bright orange colour on the reverse side of the colony on AFPA. This
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acid, forming a coloured complex. A. nomius isolates showed a yel-
low or brown colour on AFPA. Regarding the mycotoxins produc-
tion, all A. parasiticus and A. nomius isolates produced AFB and
AFG, and no CPA production was detected; A. ﬂavus isolates pro-
duced AFB, CPA, both or neither.
Genetic identiﬁcation of the isolates was accomplished by geno-
mic sequencing of three regions of the Aspergillus section Flavi gen-
ome. Compared to public databases using the BlastN algorithm, for
ITS region, b-tubulin, and calmodulin sequences, we observed
higher than 97% identity percentages with Aspergillus section Flavi
species described in the literature. Molecular identiﬁcation of the
strains was informative, and average percentage of similarity for
them is shown in Table 2.
Using the polyphasic approach, the isolates collected from Bra-
zil nuts were identiﬁed as the following Aspergillus section Flavi
species: A. ﬂavus (136 strains, 75.5%), A. nomius (40 strains,
22.3%), and A. parasiticus (4 strains, 2.2%).3.2. Production of mycotoxins and identiﬁcation of chemotypes
Mycotoxins were produced by 92.7% (167/180) of the Aspergil-
lus section Flavi isolates studied; 68% (123/180) of them produced
aﬂatoxins and 47.7% (86/180) CPA. Among the 136 A. ﬂavus strains,
122 (89.7%) were mycotoxin producers; 36 (26.5%) only produced
aﬂatoxins, 43 (31.6%) only CPA, 43 (31.6%) aﬂatoxins and CPA, and
14 (10.3%) did not produce any mycotoxin. CPA was produced by
75% (43/57) of the non-aﬂatoxigenic A. ﬂavus isolates. All A. nomius
and A. parasiticus isolates produced AFB and AFG. The average of
mycotoxins production is shown in Table 3.
The strains were classiﬁed into chemotypes according to Giorni,
Magan, Pietri, Bertuzzi, and Battilani (2007) based on aﬂatoxin and
CPA production patterns. Most Aspergillus section Flavi strains were
mycotoxigenic (chemotypes I, II, III, IV, VI, and VII). Chemotype IV
(isolates only producing CPA) was the predominant group (24% of
all strains). Chemotype II (isolates producing more AFB2 than AFB1)
corresponded to approximately 3% of all strains. Chemotype VI
(isolates producing AFB, AFG, and CPA) was not identiﬁed. Con-
cerning average production of AFs and CPA for the various Aspergil-
lus chemotypes, we observed that chemotype II, III and VII had
higher levels production of CPA (32.2 ng/g), AFB1 (16.9 ng/g), and
total aﬂatoxins (20.5 ng/g), respectively (Table 3).3.3. Sclerotial production
Isolates were characterised based on the presence, size and
shape of sclerotia. Fifty-four (30%) of the 180 Aspergillus section
Flavi isolates produced sclerotia after incubation on CZ agar. Scle-
rotia were all of the L-type (>400 lm). A. ﬂavus showed round to
elongate sclerotia, and A. nomius sclerotia were predominantly
elongated, with indeterminate growth. Forty-six (33.82%) of the
54 sclerotium-producing strains were A. ﬂavus (Chemotypes I, II,
III, IV and V) and 8 (20%) were A. nomius (Chemotype VII), whereas
none of the A. parasiticus isolates produced sclerotia (Table 3). The
average size of the sclerotia was 590 ± 120 lm for A. ﬂavus strainsTable 2
Average of percentage similarity of Aspergillus section Flavi species, for ITS region, b-
tubulin gene, and calmodulin gene.
Aspergillus section Flavi species Average of percentage similarity (%)
ITS b-Tubulin Calmodulin
A. ﬂavus 98.5 97.0 99.0
A. nomius 99.0 98.5 99.5
A. parasiticus 98.5 97.0 98.5and 560 ± 150 lm for A. nomius isolates. Twenty-seven (34%) of 79
aﬂatoxigenic A. ﬂavus isolates and 19 (33.3%) of 57 non-aﬂatoxi-
genic isolates were sclerotia producers. Moreover, isolates of A.
nomius producing sclerotia also had higher levels of aﬂatoxins pro-
duction (Table 4).4. Discussion
Morphological differentiation of species belonging to the Asper-
gillus section Flavi group is difﬁcult and subjective and dubious re-
sults limit accurate identiﬁcation. Species identiﬁcation based on
phenotypic characterisation (morphological and biochemical char-
acteristics) is useful, but is time-consuming and not always
straightforward (Rodrigues, Venâncio, Kozakiewicz, & Lima,
2009). Moreover, toxigenic Aspergillus section Flavi species are clo-
sely related fungi and the combination of a set of speciﬁc features
has been suggested for species identiﬁcation (Rodrigues et al.,
2011).
The results of this study provide important information regard-
ing the identiﬁcation and mycotoxigenic potential of Aspergillus
section Flavi species isolated from Brazil nuts. Nowadays, the main
morphological characteristics used for the differentiation of Asper-
gillus section Flavi isolates are colony colour and conidial morphol-
ogy. Sclerotial size, extrolite production (aﬂatoxin, CPA and
aspergillic acid), and molecular characterisation can also be used
for the differentiation of these species (Rodrigues et al., 2009,
2011).
The frequency of mycotoxigenic A. ﬂavus (89.7%), A. nomius
(100%) and A. parasiticus (100%) isolates was high in the present
study. The mycotoxigenic strains of A. ﬂavus produced B-type aﬂa-
toxins and CPA, and A. nomius and A. parasiticus produced B- and G-
type aﬂatoxins, but not CPA (Rodrigues et al., 2009; Vaamonde
et al., 2003). The incidence of non-aﬂatoxigenic isolates found in
the present study was relatively low (7.7%) and agrees with the re-
sults reported by Astoreca, Dalcero, Pinto, and Vaamonde (2011).
Other studies found up to 67.8% of aﬂatoxigenic A. ﬂavus isolated
from Brazil nuts (Baquião et al., 2012; Calderari et al., 2013). More-
over, A. ﬂavus and A. parasiticus strains showed an orange reverse
after 48 h of culture on AFPA, whereas A. nomius did not produce
an orange reverse, a fact also reported by other investigators (Dos-
ter, Cotty, & Michailides, 2009).
In this study, the mycotoxin producer chemotypes I, II, III, IV,
and VII were the most common. These chemotypes were also the
most frequent in peanuts, wheat and soybeans (Vaamonde et al.,
2003), maize (Giorni et al., 2007), and poultry feeds (Astoreca
et al., 2011). The high frequency of chemotypes I and II (aﬂatoxin
and CPA producers) suggests the possible co-production of these
mycotoxins and agrees with the ﬁndings reported by other authors
for different substrates (Astoreca et al., 2011; Giorni et al., 2007;
Razzaghi-Abyaneh et al., 2006; Rodrigues et al., 2009; Vaamonde
et al., 2003). In addition, 63.2% of the A. ﬂavus isolates produced
CPA and all of them produced amounts higher than 875 ng/g, in
agreement with Giorni et al. (2007). However, so far no speciﬁc
regulations or recommendations exist for CPA. An interesting ﬁnd-
ing was that six isolates produced more AFB2 than AFB1 (chemo-
type II), a phenomenon previously reported by Razzaghi-Abyaneh
et al. (2006) for isolates from corn ﬁeld soils. Moreover, Chemo-
types I and II (aﬂatoxins and CPA producers) had higher production
of CPA, and lower production of AFB1, compared to Chemotype IV
(only producer CPA) and III (only producers of AFBs), respectively.
These results may indicate that strains producing both aﬂatoxins
and CPA had the propensity to produce higher amounts of CPA
and lower levels of aﬂatoxins.
In the present investigation, all sclerotia produced by the Asper-
gillus section Flavi isolates were dark, oblong, and larger than
Table 4
Relation between average level of mycotoxin and sclerotial production.
Fungi Average mycotoxin production (ng/g)
AF total CPA
Aspergillus ﬂavus
Sclerotial producer 12,274 22,285
Sclerotial non-producer 11,602 21,226
Aspergillus nomius
Sclerotial producer 50,507 nd
Sclerotial non-producer 12,908 nd
nd: Not detected.
Table 3
Chemotype patterns of Aspergillus section Flavi strains based on aﬂatoxin and CPA quantiﬁcation, aspergillic acid and sclerotia production.
Chemotype Species Number of isolates (%) Average mycotoxin production (ng/g) Aspergillic acida Number of sclerotia producers (%)
AFB1 AFB2 AFG1 AFG2 Total AF CPA
I (B1 > B2) A. ﬂavus 37 (20.5%) 7162 664 nd nd 7826 24,253 + 17 (31.5%)
II (B1 < B2) A. ﬂavus 6 (3.2%) 198 268 nd nd 466 32,192 + 2 (4%)
III A. ﬂavus 36 (20%) 16,940 521 nd nd 17,461 nd + 7 (13%)
IV A. ﬂavus 43 (24%) nd nd nd nd nd 18,717 + 16 (29.5%)
V A. ﬂavus 14 (7.8%) nd nd nd nd nd nd + 4 (7.5%)
VI Not isolated 0 (0%) na na na na na na na 0 (0%)
VII A. nomius 40 (22.25%) 2973 250 17,172 165 20,560 nd  8 (14.5%)
A. parasiticus 4 (2.25%) 6172 184 16,776 313 23,445 nd + 0 (0%)
nd: Not-detected.
a +: Presence: : absence, na: Not-analysed.
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authors (Astoreca et al., 2011; Doster et al., 2009; Giorni et al.,
2007; Rodrigues et al., 2009, 2011). Aﬂatoxigenic and non-aﬂatox-
igenic A. ﬂavus strains showed similar sclerotial production (34%
and 33.3%, respectively) and 20% of A. nomius strains produced
sclerotia. Some authors reported a positive correlation between
high aﬂatoxin levels and the presence of small sclerotia (Cotty,
1989; Novas & Cabral, 2002), whereas other found no correlation
between sclerotia size and aﬂatoxin production (Giorni et al.,
2007; Razzaghi-Abyaneh et al., 2006; Rodrigues et al., 2009), as
also observed in the present study. The size of sclerotia has been
suggested to be related to environmental factors (Giorni et al.,
2007). In our study, presence of sclerotia did not result in mycotox-
ins production by A. ﬂavus isolates. However, we observed A. nom-
ius strains producing sclerotia also had higher levels of aﬂatoxins.
These results indicate a positive relation between the presence of
sclerotia and aﬂatoxins production for A. nomius (Table 4).
Morphological differentiation is insufﬁcient to discriminate
many Aspergillus species, due to interspeciﬁc similarities, and
intraspeciﬁc variability (Rodrigues et al., 2009). No single method
is ﬂawless in recognising species and a polyphasic approach is rec-
ommended, where morphological examination, extrolite analysis
and DNA sequence data are considered together (Samson & Varga,
2009). In the present study, Aspergillus strains were identiﬁed by a
polyphasic approach. Distinguishing between A. ﬂavus and A. nom-
ius has been difﬁcult, because these species share many character-
istics (Kurtzman et al., 1987). In addition to toxigenic proﬁle,
growth rate at 42 C and DNA sequences can differ A. nomius and
A. ﬂavus (Peterson et al., 2001), and conidia of A. parasiticus are
more spherical and noticeably more echinulate or spinulose than
other Aspergillus section Flavi species (Kurtzman et al., 1987).
Sequencing of DNA regions is a useful tool for fungal species iden-
tiﬁcation. However, information obtained from a single gene is not
always able to recognise a species, and multi-gene sequencing
including the ITS, calmodulin and b-tubulin genes tends to be used
to increase the reliability of Aspergillus identiﬁcation. Genetic iden-
tiﬁcation has been reported in other works studying Aspergillus
section Flavi strains isolated from Brazil nuts (Baquião et al.,2012; Calderari et al., 2013; Gonçalves et al., 2012; Reis et al.,
2012).
In Brazil nuts biodiversity of Aspergillus section Flavi has been
reported, such as A. ﬂavus (Arrus, Blank, Abramson, Clear, & Holley,
2005; Baquião et al., 2012), A. parasiticus (Reis et al., 2012), A. nom-
ius (Olsen et al., 2008) Aspergillus bertholletius (Taniwaki et al.,
2012), Aspergillus arachidicola, Aspergillus bombycis, Aspergillus
pseudotamarii (Calderari et al., 2013), Aspergillus tamarii, and
Aspergillus caelatus (Gonçalves et al., 2012; Reis et al., 2012). In this
work, we identiﬁed A. ﬂavus, A. nomius and A. parasiticus strains
from cultivated and planted Brazil nuts trees in the Amazon region.
The main stages in Brazil nuts production in our study were: (i) ra-
pid collection of fruits (pods) in soil (up 30 days in contact with
soil), (ii) Brazil nuts drying prior to storage at safe moisture level
(less than 0.7 water activity), and (iii) sorting system of Brazil nuts
in processing plants (data not shown). The most studies on Asper-
gillus section Flavi in Brazil nuts are from plant extractivism and
the majority of the samples were obtained from Amazon region
and São Paulo state (probably from rainforest, cooperatives and
market places) (Arrus et al., 2005; Calderari et al., 2013; Gonçalves
et al., 2012; Olsen et al., 2008; Reis et al., 2012; Taniwaki et al.,
2012); information about the production chain of Brazil nut is
not always described. The implementation of good practice in
our Brazil nut samples may have increased the presence of species
of Aspergillus section Flavi such as A. ﬂavus and A. nomius. These
data suggest that the source and subsequent processing of samples
may affect the mycoﬂora of Brazil nuts.
5. Conclusion
The polyphasic approach, combining morphological, chemical
and molecular methods, permitted the reliable identiﬁcation of
Aspergillus species. The precise classiﬁcation of Aspergillus section
Flavi strains should contribute to improve prevention and control
strategies of these fungi and mycotoxin production in Brazil nuts.
In addition, a high frequency of mycotoxigenic Aspergillus section
Flavi strains was detected in this study and mainly included A. ﬂa-
vus producing elevated levels of aﬂatoxins and CPA. The impor-
tance of CPA has been largely ignored, since colonisation with A.
ﬂavus is common in tropical areas. As a consequence, both aﬂatox-
ins and CPA should be quantiﬁed, rather than assuming that all
toxic effects are due only to aﬂatoxins. Moreover, our results high-
light the possibility of co-occurrence of both toxins, increasing
their potential toxic effect in this commodity. These considerations
could help decision makers to set ofﬁcial maximum tolerable limits
of CPA in Brazil nuts.
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